Fluid alkali metals are typical examples of materials whose electronic structures depend strongly on the thermodynamic state of the system. The most striking manifestation of this state dependence is the metal -nonmetal transition which occurs when the dense liquid evaporates to the dilute vapour or when the fluid is expanded by heating to its liquid -vapour critical point.
Introduction
The properties of fluid alkali metals have been the subject of intensive experimental and theoretical inves tigation, despite the severe experimental difficulties associated with their highly reactive nature. Much of this effort has been motivated by the fact that fluid alkali metals are very distinct from normal insulating fluids such as argon in that their electronic and molecular structures are strongly depending on the thermodynamic state of the system. It is obvious that there are substantial changes in the nature of bonding of alkali metals upon evaporation. For example, far below the liquid -vapour critical point (e.g. near the triple point), when the density difference between the coexisting phases is large, liquid alkali metals are reasonably well de scribed by the nearly -free -electron (NFE) approximation, whereas in the vapor phase at sufficiently low den sities, the valence electrons occupy spatially localized atomic or molecular orbitals. In such a situa tion, near the triple point, the liquid -vapor phase transition coincides pre - Experimental research on such properties is complicated, because fluid alkali metals are difficult to experiment with, because, as Table 1 shows, a combination of high temperature and pressure is required to bring the sample anywhere near its critical point.
The critical temperatures
Tc and pressures pc are low enough to be studied under static conditions only for Cs, Rb, K and eventually Na. The estimated location of the critical point of lithium is in fact outside the range of conventional measurements under static, equilibrium conditions.
Only The most significant experiments relevant to the effect of the liquid -vapour interparticle asymmetry and to the question of the validity of an ap proximate law of corresponding states are those on the liquid -vapour coexistence curves of the alkali metals cesium and rubidium [1] and of divalent mer curv [5] .
• ƒ¢T/Tc=Tc-T/Tc•¬5•E10-4 which is close enough to demon strate the important difference between metallic and insulating molecu lar fluids. Figure 1 shows a reduced plot (p/pa versus T/Tc) of the coexisting liquid densities PL and vapour densities pv for the metals cesium and mercury and for the inert gas argon. The comparison of the coexistence curves shows a lack of correspondence when the interatomic forces are fundamentally different. Note that even the metals cesium and mercury do not correspond, suggesting that inter molecular poten- Fig.1 A selection of equation of state data of cesium from both experiments is given in Fig.3 in form of number density n isotherms plotted versus pressure p. These data are accurate enough to yield the behaviour of the isothermal compressibility X=1/n(dn/dp) 
Electrical Properties
The problem of the interrelation of the metal -nonmetal transition and the liquid -vapour phase transition in fluid alkali metals has received considerable theoretical attention in the past. The pioneering study of Landau and Zeldovitch As mentioned above, the occurrence of the metal -nonmetal transition in low density fluid metals implies that the electronic structure of the coexisting phases, liquid and vapour, are fundamentally different. Liquid cesium just above its melting point possesses a large degree of correlation in the atomic positions, and it may be considered a normal liquid metal with properties quite similar to that of the solid close to the melting point. The electrical conductivity exhibits characteristic typical for materials with metallic electron concentrations. Perhaps the most obvious of these is the fact that the behaviour of the electrical conductivity in this range can be explained within the framework of the Ziman theory for the nearly fee electron metal [18], (dashed line in Fig.6 ). The application of this theory is justified when the average distance between scattering of the electrons by the disordered liquid structure, the electron mean free path, is substantially larger than the average near neighbour distance of the atoms. The dashed curve in Fig.6 The formation of charged clusters like Cs2+ in Fig.7 . The comparison of fluid cesium as a function of density along the liquid -vapour coexistence line [25] .
the dense vapour phase strongly affects the density and temperature dependence of the electrical conductivity. This is seen from a glance at Fig.6 where the measured electrical conductivities of the vapour are shown in comparison with those calculated (dotted line) for the thermal equilibrium ionization fraction of monoatomic cesium employing the vacuum ionization potential of 3.89 eV (Saha equation). The agreement between experimental and calculated values is sufficient only at very low densities where the overwhelmingly dominant species present in the vapour is the atomic monomer. At higher densities the conductivity can no longer be described on the basis of the assumption that the vapour is monoatomic. This is not surprising because with higher vapour densities, species like Cs2 and higher clusters will occur. These clusters have ioniza tion potentials much lower than the corre sponding atoms so that much higher degrees of ionization should be expected than those simply calculated by the Saha equation. It is therefore not surprising that excellent agree ment between the experimentally His estimate of more than 25% dimer concentration at a temperature of about 1600°C and a corresponding density of 0.15 g cm-3 is in close agreement with the values shown in Fig.7 which have been calculated with a model [25] which takes into account the interaction corrections between the various species. It involves ionization of a stable Cs2-molecule in which the Cs -atom is closer to its molecular partner than to any other atom in the vapour, and the paired electrons are confined to their home molecules. The second process is that of pairabsorption where two atoms absorb one photon in the state of collision (quasimolecule).
The idea and the theoretical analysis of this quasimolecule absorption is quite old and dates back to the year 1972 [30] .
Continuum -state pair -absorption bands, i.e. pair-absorption bands in the photoionization continuum of the atoms involved, are generally very broad compared with the boundstate pair -absorption bands, for which the sum of the excitation energy of both excited species does not exceed the ionization energy of the atoms involved. The large width or diffusiveness of the continuum -state pair -absorption is a clear indication that the ionization probability of the excited quasimolecule or collision complex is very high, i.e. closee to unity [31] .
The inset of Fig.10 displays the density dependence of the absorption spectrum at the high end of and above the spectral series of the atomic transitions.
Comparison with the inset in Fig. 9 clearly shows that at the highest densities the photoionization processes which lead to the formation of Csa are dominating the absorption spectrum.
Static and Dynamic Structure
It is evident from the foregoing that there are substantial changes in the nature of bonding of alkali metals upon evaporation, at which point there is a transition from a metallic bonding state to an insulating covalently bonded state. The liquid just above its melting point is most often treated as a monoatomic state. Its structure is regarded as built up of single screened ions, each diffusively uncoupled from every other with interactions described by an effective density depending pair potential. This approach is essentially based on the experimental observation that relatively little change in the local atomic arrangement occurs during melting. For cesium, for example, the molar volume increases by only about 2.5 %, and the average near -neighbour distance, given by the position of the first peak of the radial distribution function g(R), is almost identical to the near neighbour distance in the bcccrystalline structure close to melting. Consequently, the liquid metallic phase is most often treated as a monoatomic state which typifies the solid structure.
However, as noted above, this correspon dence between liquid and solid applies only at high densities. When the liquid evaporates, the low density vapour cannot be regarded as purely monoatomic. In particular, in view of the arguments given in section 4., it can be suggested that the diatomic structure of the cesium vapour persists up to relatively high densities. The question to emerge, therefore is up to what density and temperature the pairing mechanism present in the vapour can survive the passage to the metallic liquid [32] . This question is based on the view that the mechanism for the nonmetal -to -metal transition which occurs in diatomic molecules with increasing density, may begin with metallization of the diatomic system by an overlap of the valence -and conduction bands which at higher density is followed by a gradual dissociation into a monoatomic state. Thus, while liquid alkali metals might be regarded as monoatomic near the melting point, the viewpoint might be rather different for the lower density liquid regime where dimers, dimer ions or higher clusters can be the aDnronriate dynamic subunits.
This problem has been a primary moti vation for neutron scattering measure ments of the static structure factors of fluid Cs and Rb up to the critical region [33] . Typical results are presented in Fig.ll for Cs in form of the Fourier -Trans - which determines the number of neighbouring atoms N(R)dR in a spherical shell of radius R and thickness dR centered on a particular atom of interest. The average coordination number N, is determined by the area under the first peak in g(R), whereas the average nearest neighbourdistance R, is given by the position of this peak. Analysis of data such as those of Fig.ll shows that for Cs, N, tends to decrease as the density is decreased bythermal expansion. It is particularly note worthy that the position of the first peak in g(R), namely R,, remains virtually constant while N decreases by about the same factor as the density. This indicates that clustering occurs as the density decreases, keeping many atoms highly coordinated. The average coordination num - w), they are frequently used to establish the main features of the dispersion. The corresponding dispersion relations for the high temperature curves are also shown in Fig.13 . The characteristic features of these curves reflect the structural changes with temperature and density discussed above for g(R). The minima of the dispersion curves shift only slightly to lower Q. At high Qvalues and high temperatures, where the oscillations in S(Q) and g(R) are much more strongly damped, the free particle dispersion becomes more pronounced. The latter is simply given by the maxima in which are found at (hƒÖ) )free ges = h/2QV with Vo the thermal velocity.
In terms of our interest in the changes in interatomic interactions occurring in the course of the metal -nonmetal transition, it is a most interesting fact that the results of these experimental observations, namely the exis tence of well defined collective excitations in liquid metallic rubidium at high momentum transfer and their absence in the inert gas liquids, are well reproduced by molecular dynamics calculations. For the inert gas liquids the molecular dynamics calculations used Lennard -Jones potentials [37, 38] and for rubidium long-range oscillatory potentials characteristically for metals which are mediated by the itinerant metal electrons [39] [40] [41] [42] . This indicates that the pair potential in rubidium is responsible for damped collec tive motions with wavelength comparable with the interatomic spacing. The quite different Lennard -Jones potential does not lead to such phenomena. hibits well defined excitation peaks around hw about 3.2, 6.4 and 9.6 meV. One way of interpreting this observation is to propose that the peaks are due to optic -type modes, i.e. optic vibrations , in which two species tend to move in opposite directions. The features of the J,(Q, c)) curve are consistent with the model for scattering from a particle executing harmonic oscillations about a center which is diffusing [36] . This obser vation is consistent with the view that intra molecular dynamic effects are present in liquid expanded rubidium under these conditions. In view of the possibility that for alkali metals the dynamic units can change signifi cantly throughout the liquid range both with density and temperature, it is clear that the practice of inverting measured structure factor data.to get effective pair potentials [43, 44] or to model the structure factor of expanded metals [45] [46] [47] [48] [49] [50] by employing pair potentials mediated by the itinerant metal electrons hinges critically on insight into the density range in which alkali metals can be viewed as monoatomic metallic fluids. 6 . Critical Behaviour of Alkali Metals
As we have seen in the foregoing sections, liquid and gaseous metals do not behave like simple insulating substances like argon for which the interatomic potential function may be considered independent of density to a good approximation. By contrast, the electronic and molecular structures of fluid metals differ with density. Indeed, at ordinary conditions far from the critical point, the vapour phase is non metallic and contains an appreciable fraction of dimers whereas the liquid phase is metallic and the interaction is strongly affected by the presence and number of the valence electrons. The fact that the cohesion in metallic systems consists of a sum of longrange Coulomb interactions has led to the speculation [51] that critical points of metals could be in a different universality class than that of insulating fluids with potentials which decay with interatomic separation as RI This is clearly not the case [5] for the alkali metals cesium [1] , rubidium [1] , and potassium [52] and the divalent metal mercury [11] . The shapes of their coexistence curves in the critical region can be described with high accuracy by the scaling law A careful analysis of the coexistence curves demonstrates that fluid metals violate the hundred year old empirical law of rectilinear diameter over a surprisingly large temperature range. By contrast, the deviations from this law are extremely (mostly immeasurably) small for the coexisting curves of essentially all nonmetallic onecomponent fluids [53] . The law states that the tocus of the tie -line mid -points ƒÏd-ƒÏc=(ƒ¢T-Tc)1-ƒ¿+D1(ƒ¢T/Tc)+•c where a = 0.11 is the same exponent that describes the behaviour of the constant -volume specific heat Cv. Since 1-a = 0.89 is not very different from unity, the true singularity is difficult to separate from the analytic tem per a ture term. The coefficient D, does not even have to be much larger that Do for the analytic term to dominate the entire range accessible to experimentation. The latter causes the difficulty in observing the 1-a singularity for nonmetallic fluids. The inset in Fig.15 shows high precision experiments for Ne, N2, C2H4 [53] and SF6 [55] . It is evident that the diameter anomalies in these fluids extend only over a very small portion of the temperature range close to the critical point.
Analysis of these data [56] has led to the suggestion that many -body interactions lead to the anomalous term (ƒ¢T/Tc) 1 
